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INTHC_)L!CTICN

It is alr_-_a_!V _ w_ll -_stcblisi_..'_ th_r_ry +_h_t chemicnl

evnlutioi_, i.e. _VOILltion on th_ _Ji_I;l.,]_-_;_ I_ v_l, h_s _receded

the appearcnce of _h_ first living <_:!L ,r, tI_; e_rth. Current

concepts suggest tn,_t a relatively sim,pls :Jrimitive atmosph_ire,

consisting of methane, ammonia, water, and also probably some

mulecul_,_ t,y_rog_n under influence of _;Itraviolet rauiation,

electric-_l discn_rbes _r,d high en_rgv r,_-c!iLtinns has b_L_:n trE,ns-

formed into mor_ complicated comi]ound_ (1, 2, 3). It h;_s been

generally accepted that the t_mwer_turu at tnu time of this

transformation was less than 100°0. TI_ r._w m_.teri_l thus

pruouced, _ccu_ ul_teo in i_ools of water t_at canoensed, forming

an organic millieu, i.e. the nonliving mixture of carbon compounds

which is generally considsred as a i_rc_r_:__isite of th-_ origin of

life. Some estin!ntes maoe by Urey (2) i_Cicut_ that th_ primitive

oceans mir_ht have contained as much E_s lO p_r cent of dissolved

organic compounds. The synthesis of thes_ raw materials continued

until a state of equiliLrium was reached, in which the action of

available energy sources proauc_u as muc_ of th_z raw material as

it destroyed. In thls perioo of time only rel_:tivsly simdle

molecules c_Id b_ formed becauE_e the r.ore c_,mi_licated and labile

ones would Lo cestroyed by tI_u energetic ultraviolet raoiatlon

re_cl,in? th_ surf_':/:e of th_ E_t_, un'L_cr£ened by the ozone l_y_r,
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Th_ above ti_eories of _p_rin (1)and Ur_y (2) have been

su_j_ct_d to rigid laLoratorv tes_s by _iller (4,5), Pavlovskava

_nd Pasy[-.skii (6), Ab<.ison (7), Oro (8), !iasst_lstrom (9), Paschke (1O),

and others (!l, 12). This laboratory work has produced various

products of biochemical importance, such as amino acids, allphatlc

acids, polyhydroxy compounds, aldehyOes _]n_ urea. Subjecting these

simole molecules to further action of ultrE_violet radiation or mild

heating,produced a variety of complex organic molecules. Such

higher order reactions, for_ example, result in production of polv-

peptides from amino acids, as _emonstr_ted _y Fox (13, 14), Akabori (15),

Duty (16), and others (17), in actual laboratory experiments.

In the reviewed literature, most of the authors (1, 18, 19, 20)

dealing with the problem of the orig_n _z_flifc_, _rc convinced that

at some sta_ of chemical evolution, porphyrins must have developed.

Howcver, until recently there was no labor_tory evidence th___t

por_Thyrins or Dorphine-like substances could be synthesized from

precursors which were _v_il_Ic dUZli,_ t_,_, _r_,-1 of chemical

evolution on earch,

It has been shown in our pr_vious paper (21), that porphine-

like substances, specifically a, _, y, _ -ta_rapnenylporphines, can

be synthesized from simple precursors using y-radiation for activation

purposes.

This paper presents another observation having direct bearing

on the formation of the organic millieu, namely the synthesis of

porphine-like substances from simple i_recursors.

7_
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EXFERIMENT_L _ROCEJURE

A system, consisting of 3 ml of fresi_ly distilled _yrrole,

6 ml of benzaldehy_e, and 4 mi of w_ter, was placed in a 250 ml

beaker, anO then irradiated, at a distance of 25 cm with ultra-

violet light, using a lO0 Watt Hanovia Utility Mo_el Lamp. The

radiation transmitted through the filter _s q5 per cent at 2500 A,

90 per cent at 3000 A and the output uf ti_ lamp was 1.SxlO 15 quanta

2
per sac per cm or 5xlO 16 quanta par sac p_r area of the mixture

exposed toward radiation. The doses were muasured by chemical

actinometry, using an uranyl oxalate actir_ometer according to

Forbes and Heidt (22). After exposure, the r_ddish-brown solution

was diluted with approximately 20 ml of chloroform and washed with

20 ml of distilled water. After separation in a separatory funnel,

the aqueous layer was discarded, and the chloroform layer was

transferred into a beaker charged with apiJroximately 20 g of

anhydrous sodium sulfate to remove the excess of water. The sodium

sulfate was then filtered off and discarded, while the filtrate was

made up to 50 ml volume with chloroform and stored for the quan-

titative determination of porphines.

The final proOuct separation was accomplished by column chroma-

tography, using activated alumina (F-20) and Florosil (60-100 mesh)

as adsorbents and fresh chloroform as eluent. Two chromatographic

treatments on alumina and three to four chromatographic separations

on Florosil yielded pure product. The porphines appeared in
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eluents and collections of eluent were c_ntinued until no Soret

band appeared in the effluent. The final _pcctrum of the product

was recorded on a Bausch _nd Lomb 5pectronic 505 recording spectro-

photometer, using benzene as a solvent.

A typical spectrum of compound isolated from irradiated mixture

and the reference spectrum of the compound synthesized by the method

of Ball, et al. (23), are presented in Fig. 1. Both spectra are

identical with those obtained by Thomaset al. (24), and Dorough

et al. (25). For quantitative estimation of the yield, the molar

extinction coefficient of 18.TxlO 3 at 515 mu maximumwas used, as

suggested Ly Thomasand Martell (24). Identity of the compound was

further established by the formation of a zinc chelate, according to

the procedure of Rothemund and Menotti (26), and Dorough et al. (25).

Both spectra, the reference zinc chelate and the chelate of the

compound isolated from the irradiated mixture are identical, as

shown in Fig. 2.

The same mixture of pyrrole, benzaldehyOe and water when

placed in the dark without irradiation, also produced porphines.

The isolation and quantitative determination of porphines was

done by the same methods used for irradiated mixtures.

If, instead of water, pyridine was used as a solvent in the

system, and the mixture was then irradi_ted for two hours, no

porphine-like substances could be OetecteO by previously used methods.

_ging of the mixture for ten days produced only traces of porphines.



Fig. 3 represents thc tot_:l V.;_!ds of por_Jhinas isolated

from the stored mixtures, plotted against tim_ cf storaoe. Each

line in tnis graph represents different irradiation periods,

DISCUSSION

Literature dealing with the origin of life, p_rticularly the

role of porphines and porphyrins in life's origin have raised sevural

important questions. As yet, they are unanswered; the future can

and must answer them.

In our present study we have shown thot pori_Jhine-like structures

can be synthesized in the presence of oxygen from precursors which

were available in the very earliest staga of chemical evolution.

Al_EhyJes were found in products of the action of electrical dis-

charges on the Urey atmosphere in Niller'_ sxi_eriment (4, 5). Pyrroles

and pyrroliOines were easily formed from ammonia, acetylene, and

other unsaturated hydrocarbons by simple catalysis or under influence

of ultraviolet ra=iation (1). In addition, Lichtin (27) found

pyrroles as the major product of the reaction of active nitrogen

with 1,3-butadienes.

The results of this study also inOic_te that the presence of

water, or rather the suspension of th_ organic matter in water,

increases tl,e yialo of por_hine like substances: - ,r_i=_erably.

Ep_rin (1), ::nd HalOane (3), have already inOic_-,1 the possibility

t_



of evolution of living matter from the pools rich in organic matter,

rather than on solid surfaces. The concentration of organic matter

could be quite hich, if part of th_ water solvent evaporated, as the

case might be in lakes and lagoons.

The increase in the vield of _orphin_-like substances, on

standing, shows that a process of autocatalysis takes place. This

process, postulated by Calvin (lg), now can _e supported by

experimental evidence.

There is a _eneral agreement among many authors that synthesis

of porpnyrins is a necessary step for the origin of life. However,

the question of the time of the appearance of porphyrins is subject to

discussion. Baffron (18), and Calvin (lg), support the idea that

porphyrins were already active in the very e_rliest quasi-living

organic structures. Hiller and Urey (5), cunsider this not a necessity

and suggest that porphyrin s may have arisen during the evolution of

primitive organisms. Strughold and Ritter (28), consider pre-existing

stores of oxygen, produced by photochemical dissociE_tion of water,

as a prerequisite for the formation and development of chlorophyll,

while the henTe types of porphyrins were for_e_ about i to 1.5

billion years later.

At the present time, it seems to be impossible to determine

at what stage of chemical evolution, porphine-like substances

developed. In the present living processes, porphine-like substances

find a great variety of uses, such as fermentation, respiration, and

photosynthesis. The metabolism of sulfates, iron, nitrogen, hydrogen,

d



and oxygen also r_quire porphrins. In _,J_:it_un, _n intere_ting

observation was mad_ bV Baltrop (19c) en the formation of pyro-

phosphates from phosphates in presLnce of f_rrous _rotoporphyrins.

All these facts w_ulu suggest that p_r_,r,vrir,_ evolved prebiologically

in order to facilitate the evolution of ___minglv living organic

structures up to the present state. This would place the appearance

of porphyrins in the oxvgen free perioc of chemical evulution.

On the other hand, after the stor_s of simpler organic compounds

reached the saturation point, in the first stsge of chemical evolution,

there was need for a reduction of the energy level of the source in

order to continue chemical evolution to z_ more complicated nature.

Photolysis of water and the formation of _:_r,oz_sne layer cut out ultra-

violet radiction completely, while visible lisi_t itself did not provide

enough energy for chemical synthesis. Witt_ the: _id of porphyrins and

especially their metal chelates, chemical tr:_nsformations such as

hydrogen transfer or oxiOation could occur.

Simultaneouslywith this event, hylJro LFI l:,eroxi_e appeared, if

it remained in contact with org_nic _,u!_,t_c, _, thc results would be

fatal. Therefore, in order to continu_ c_, _ ic :i _volution, it was

necessary that a mechanism be developed f_r ti_:_:_struction of vast

amounts of hydrogen peroxide. C_Ivin (ibF), h _ clready pointed out

that incorporation of ferric iron into _ I,:_-typs molecule would

increase the catalytic activity of iron '_ ::I, -t_r of lO 3 and the

aOdition of certain protein arrangaments hy _m, additional factor of

10 5 .

The last two arguments indicate t,_ct ,_itf, the trmnsition of

S
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the r_ductive a_mosi_Jh_re into oxid_tlve, an immediate need was

created for the porphine-like substances. This need _erved as an

evolutionary selection pressure for the synthesis of porphine-llke

substances.

This work is supported in part by the Grant N S G - 226-62

from the National Aeronautics and Sp_ce uministration
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YIELD OF TPP versus LENGTH OF STORAGE

(RKAOIA'{ION CONOITtONS:
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